Introduction {#S0001}
============

Breast cancer (BC) is one of the most prevalent malignant tumors and the leading cause of cancer-related deaths among women worldwide. Generally, breast cancer can be divided into four main categories based on the different gene expression signatures. These include estrogen receptor (ER) positive, progesterone receptor (PR) positive, human epidermal growth factor receptor 2 (HER2) positive, and triple-negative breast cancer (TNBC).[@CIT0001] Typically, TNBC is characterized by the absence of ER/PR and a lack of overexpressed HER2, and therefore, recalcitrant to either hormonal therapy or anti-HER2 agents. Epidemiological studies reveal that TNBC alone accounts for 15--20% of all breast cancer cases.[@CIT0002] Chemotherapy remains the standard treatment of TNBC.[@CIT0003] Nevertheless, TNBC patients with residual disease after chemotherapy show a high rate of recurrence and a low 3-year survival rate.[@CIT0004] In addition, compared to the hormone receptor-positive subtypes, TNBC is associated with a higher mortality rate due to aggressive lung and brain metastasis.[@CIT0004]--[@CIT0006] To date, no targeted therapies have been approved for the treatment of TNBC, underscoring the urgent need to discover new agents.

Genetic alterations in signaling pathways may cause abnormal cell growth, disrupted cell cycle progression, and dysregulated apoptotic responses, which are hallmarks of cancer.[@CIT0007],[@CIT0008] The phosphatidylinositol-3-kinase (PI3K)/Akt and the mammalian target of rapamycin (mTOR) signaling pathways regulate a variety of cellular processes, including cell proliferation and cell cycle progression. Therefore, the PI3K/Akt pathway is directly related to quiescence, proliferation, cancer development, and longevity.[@CIT0009]--[@CIT0012] Aberrations in the Akt/mTOR signaling pathway promotes oncogenic events in many cancers, including TNBC.[@CIT0013] Thus, agents targeting Akt/mTOR pathway are promising for TNBC.

Natural products exert a broad range of biological activities and are gaining attention in the prevention and treatment of various diseases including cancer.[@CIT0014] Most natural products contain indole such as indole terpenoids[@CIT0015] and indole alkaloids.[@CIT0016] In addition, indole is the major structural component of several clinically used drugs. We previously synthesized a novel class of indole derivatives, which exhibited excellent activity against lipopolysaccharide (LPS)-stimulated inflammatory responses in macrophages and LPS-induced sepsis in mice.[@CIT0017] Among this series, compound 14f ([Figure 1A](#F0001){ref-type="fig"}), which is renamed as LG25 in this study, showed strong inhibitory effect on interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) induction.[@CIT0017] Since it is well known that inflammation promotes the development of solid tumors.[@CIT0018] To build on our previous studies, we investigated whether LG25 was effective against TNBC cells as well as MDA-MB-231 xenograft mice model, owing to its potent anti-inflammatory activities.Figure 1LG25 inhibited cell growth, colony formation, and migration of TNBC cells. (**A**) The chemical structure of indole-2-carboxamide derivative LG25. (**B**) Viability of TNBC cells following exposure to LG25. MDA-MB-231 and BT-549 cells were treated with increasing concentrations of LG25 (0.5, 0.75, 1, 1.25, 2.5, 5 or 10 μM), paclitaxel (PTX, 5 μM) or vehicle control (DMSO, 1 μL) for 24 hrs. IC~50~ values in MBA-MB-231 and BT-549 were obtained using GraphPad Prism 7.0. Data are shown as mean ± SEM (n=3). (**C**) Inhibitory effects of LG25 on the colony formation ability of TNBC cells. MDA-MB-231 and BT-549 cells were treated with LG25 at 1.25, 2.5, or 5 μM, paclitaxel at 5 μM, or vehicle control (DMSO, 1 μL) for 12 hrs. After treatments, cells were cultured for 15 days in drug-free medium. Colonies were stained with crystal violet staining. (**D**) MDA-MB-231 cells were treated with LG25 at 0.63, 1.25 or 2.5 μM, paclitaxel at 5 μM, or vehicle control (DMSO, 1 μL) for 24 hrs. The migratory capacity of cells was then assessed. Quantification of the scratch assay is shown in [[Supplementary Figure S1](https://www.dovepress.com/get_supplementary_file.php?f=216542.docx)]{.ul}.

Materials And Methods {#S0002}
=====================

Chemicals And Reagents {#S0002-S2001}
----------------------

The indole-2-carboxamide derivative, 5-(furan-2-carboxamido)-N-(4-(4-methylpiperazin-1-yl)phenyl)-1-(4-(trifluoromethyl)benzyl)-1H-indole-2-carboxamide (LG25), was synthesized as described by us previously.[@CIT0017] The chemical structure of LG25 is shown in [Figure 1A](#F0001){ref-type="fig"}. Paclitaxel (PTX) was purchased from Aladdin (Shanghai, China). Cell viability was measured through the MTT assay (3-(4,5-di-methylthiazol-2-yl)-2,5-diphenyl-2 tetrazolium bromide) (Beyotime Biotech, Nantong, China). Hoechst 33258 staining solution was also obtained from Beyotime Biotech. Annexin V-FITC/Propidium Iodide apoptosis and PI/RNase cell cycle detection kits were purchased from BD Biosciences (Franklin Lakes, NJ). Antibodies against mouse double minute 2 (MDM-2), cyclin-dependent kinase 1 (CDC2), Cyclin B1, and horseradish peroxidase (HRP)-conjugated secondary antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Antibodies against p53, B cell lymphoma 2 (Bcl-2), Bcl-2-associated protein X (Bax), phosphorylated (p)-mTOR, p-Akt, Akt, phosphorylated ribosomal protein 6 (p-S6RP), NF-κB p65 subunit, inhibitor of κB (IκB-α), and GAPDH were obtained from Cell Signaling Technology (Danvers, MA). Anti-Ki67 antibody was from Abcam (Cambridge, UK). Matrigel was purchased from BD Biosciences (Franklin Lakes, NJ).

Breast Cancer Cell Lines And Cell Culture {#S0002-S2002}
-----------------------------------------

TNBC cell lines MDA-MB-231 and BT-549 were obtained from the Cell Bank of Shanghai Institutes for Biological Sciences (Shanghai, China). MDA-MB-231 cells were cultured in DMEM containing high glucose (Gibco, Eggenstein, Germany) and BT-549 cells were cultured in RPMI-1640 medium (Gibco). Both growth media formulations were supplemented with 10% fetal bovine serum (FBS) (Gibco) and 100 U/mL of penicillin and 100 µg/mL streptomycin (Gibco).

To assess cell viability, MDA-MB-231 and BT-549 cells were seeded at a density of 5 × 10^3^ cells/well in 96-well plates. Cells were allowed to adhere overnight. Cells were then exposed to increasing concentrations of LG25 for 24 hrs. The tested concentrations included 0.5, 0.75, 1.0, 1.25, 2.5, 5 and 10 µM LG25. DMSO was used as vehicle control. Following treatments, MTT reagent was added at a final concentration of 1 mg/mL. Cell viability was determined by measuring absorbance at 490 nm using SpectraMax iD3 microplate reader (Molecular Devices, San Jose, CA).

Apoptosis was determined using Annexin V-FITC/PI apoptosis labeling. Briefly, MDA-MB-231 and BT-549 cells were seeded at a density of 3×10^5^ cells per well in 6-well plates. Cells were treated with LG25 at 1.25, 2.5 or 5 µM, PTX at 5 µM, or DMSO for 24 hrs. Cell suspension was then prepared and stained with FITC-conjugated anti-Annexin V and PI. Apoptosis was detected using FACSCalibur flow cytometer (BD Biosciences). Data were analyzed using FlowJo 7.6 (Ashland, OR). To determine cell cycle phase, cells were treated as for apoptosis detection. However, treatments were only carried out for 16 hrs. Cells were harvested and fixed in ice-cold 75% ethanol following treatments. DNA was labeled with PI/Rnase staining buffer (BD Biosciences) for 20 mins in the dark at 4°C. Distribution of cell cycle phases was analyzed using BD FACSCalibur.

Colony Formation And Migration Assays {#S0002-S2003}
-------------------------------------

MDA-MB-231 and BT-549 cells were seeded at a density of 1 × 10^3^ cells/well in 6-well plates. Cells were allowed to adhere overnight and were then treated with LG25 at various concentrations, PTX at 5 µM, or DMSO vehicle control for 12 hrs. Following treatments, cells were washed three times with PBS and cultured in treatment-free medium for 15 days. Emerging colonies were stained with crystal violet and counted. All experiments were conducted at least three times.

To test the effect of LG25 on TNBC migration, we performed scratch assays in MDA-MB-231 cells. Cells were seeded at a density of 3 × 10^5^ cells/well in 6-well plates with complete growth media. At 90% confluency, media were replaced with serum-free medium. Cell monolayer was then scratched using a 200 µL pipette tip. Cells were then allowed to migrate for 24 hrs in serum-free media containing LG25 at 0.63, 1.25 or 2.5 µM, PTX at 5 µM, or DMSO vehicle control. Images were acquired at 0 and 24 hrs. The relative migratory rate was calculated using the following formula: relative migration rate = (distance between gap at 0 hrs -- distance between gap at 24 hrs)/distance between gap at 0 hrs × 100%.

Western Blotting Analysis {#S0002-S2004}
-------------------------

Proteins were isolated from cells and tumor tissues from mice. Protein concentrations were determined using the Bradford assay (Bio-Rad, Hercules, CA). Samples were separated on precast 8--12% SDS polyacrylamide gels. After electrophoresis, proteins were transferred to polyvinylidene difluoride (PVDF) membranes. Membranes were blocked with 5% non-fat milk in tris-buffered saline containing 0.1% Tween 20 (TBST) for 90 mins at room temperature. Then, primary antibodies (1:1000) in TBST were added and membranes were incubated overnight at 4°C. After washing with TBST, HRP-conjugated secondary antibodies (1:3000) were added for 1 hrs at room temperature. The immunoreactive bands were visualized by using ECL kit (Bio-Rad) and analyzed using Image J (National Institute of Health, Bethesda, MD).

In Vivo Xenograft Mouse Model {#S0002-S2005}
-----------------------------

Eight-week old female BALB/c nude mice, weighing 20--22 g, were purchased from Shanghai Laboratory Animal Center (Shanghai, China). Mice were housed at a constant room temperature with a 12/12-h light/dark cycle and fed a standard rodent diet and water. All animal experiments complied with the Wenzhou Medical University Policy on the Care and Use of Laboratory Animals (Approved documents: wydw2014-0059). MDA-MB-231 cells were injected subcutaneously into the right flank of each mouse at the density of 5 × 10^6^ cells in 0.1 mL Matrigel/PBS (1:1 ratio). Once the tumors reached the volume of 140--160 mm^3^, mice were treated with LG25 at 5 or 10 mg/kg, once daily for 12 days. Control mice received 100 µL of ethoxylated castor oil as vehicle control. The bodyweights of mice were recorded. Tumor volumes were determined by measuring length (l) and width (w) and calculating volume as 0.5 × l × w^2^, at the indicated time points. At the end of the treatment period, mice were anesthetized with 3.5% isoflurane and euthanized in a CO~2~ chamber.

The harvested tumor tissues from mice were fixed in 10% formalin, processed and embedded in paraffin. Paraffin-embedded tissues were sectioned at the thickness of 5 µm. Tissue sections were stained with Ki67 antibody to assess cell proliferation. HRP-conjugated secondary antibody and chromagen staining were used to detect immunoreactivity.

Statistical Analysis {#S0002-S2006}
--------------------

All data were obtained from at least 3 independent experiments. Values from quantitative experiments are expressed as the mean ± SEM. All statistical analyses were performed using GraphPad Pro 7.0 (GraphPad, San Diego, CA). Significance was determined using one-way analysis of variance (ANOVA) followed by a Tukey's post hoc analysis. A value of *P* \< 0.05 was considered statistically significant.

Results {#S0003}
=======

LG25 Reduces TNBC Cell Viability And Migration {#S0003-S2001}
----------------------------------------------

We first investigated the potential cytotoxic effects of LG25 on MDA-MB-231 and BT-549 cells. To do this, we performed MTT viability assay following exposure of TNBC cells to various concentrations of LG25 for 24 hrs. Our results show that LG25 reduced viability of TNBC cells with an IC50 of 1.22 ± 0.10 μM for MDA-MB-231 cells and 1.28 ± 0.02 μM for BT-549 cells ([Figure 1B](#F0001){ref-type="fig"}). We then performed colony formation assays to determine whether LG25 reduces cell survival and colony-forming abilities of TNBC. For these studies, we used Paclitaxel (PTX), a chemotherapeutic drug, as the positive control. Our results confirmed that LG25 exerted an inhibitory effect on TNBC cell survival and this effect was comparable to PTX at the same concentration ([Figure 1C](#F0001){ref-type="fig"}). Furthermore, we performed a wound-healing assay to assess the migratory capacity of TNBC and the effect of LG25. As shown in [Figure 1D](#F0001){ref-type="fig"}, LG25 treatment significantly inhibited the migratory capacity of MDA-MB-231 cells. We found MDA-MB-231 cells to exhibit a migration rate of 38.01 ± 1.13% in DMSO-treated control group. Exposure of MDA-MB-231 cells to increasing concentrations of LG25 yielded migration rates of 35.72 ± 4.82% at 0.63 µM, 26.03 ± 0.50% at 1.25 µM, and 18.14 ± 1.34% at 2.5 µM LG25 ([[Supplementary Figure S1](https://www.dovepress.com/get_supplementary_file.php?f=216542.docx)]{.ul}). We also found that LG25 at 2.5µM was more effective in inhibiting the migration of MDA-MB-231 cells compared to 5 µM PTX (migration rate=26.62 ± 6.41%). Collectively, these results indicate that LG25 reduces TNBC survival and inhibits migratory capacity.

LG25 Causes Mitotic Cell Cycle Arrest In A Dose-Dependent Manner {#S0003-S2002}
----------------------------------------------------------------

Uncontrolled cell proliferation is a feature of cancer cells and is attributed to the loss of cell-cycle control. To identify whether LG25 inhibited TNBC cell growth through induction of cell cycle arrest, we examined the cycle phase in PI-stained MDA-MB-231 and BT-549 cells. Our results show that LG25 caused accumulation of cells in the G2/M phase in a dose-dependent manner ([Figure 2A](#F0002){ref-type="fig"}--[C](#F0002){ref-type="fig"}). Unlike results of the migration assay, we found LG25 was not as effective as PTX in causing cell cycle arrest in TNBC (54% versus 78%). To confirm these results of cell cycle arrest, we probed key proteins associated with G2/M transition ([Figure 2D](#F0002){ref-type="fig"}). These proteins include murine double minute 2 (MDM2, a P53 regulator), cyclin-dependent kinase 1/cell division cycle protein 2 (CDC2), and cyclin B1. Western blot analysis showed decreased levels of MDM-2 ([Figure 2E](#F0002){ref-type="fig"}), CDC-2 ([Figure 2F](#F0002){ref-type="fig"}), and cyclin B1 ([Figure 2G](#F0002){ref-type="fig"}) in cells following exposure to LG25. In summary, these data indicate that LG25 causes cell cycle arrest which may contribute to reduced growth of MDA-MB-231 cells.Figure 2LG25 causes G2/M cell cycle arrest. (**A**) MDA-MB-231 and BT-549 cells were treated with LG25 at 1.25, 2.5, or 5 μM, paclitaxel at 5 μM, or DMSO vehicle control for 16 hrs. Cell cycle distribution was determined using flow cytometry. Representative images of three independent experiments are shown. The percentage of cells at different cell cycle phases was determined (**B--C**). (**D**) MDA-MB-231 cells were treated as outlined in panel A. Levels of G2/M-associated proteins MDM-2 (**E**), CDC-2 (**F**), and Cyclin B1 (**G**) were determined by Western blotting. GAPDH was used as the loading control. Representative Western blots from three independent experiments and quantitative data were shown. Data were shown as mean ± SEM (n=3). \**P* \< 0.05; \*\**P* \< 0.01 compared to vehicle control.

LG25 Induces Apoptotic Cell Death In TNBC Cells {#S0003-S2003}
-----------------------------------------------

Next, we examined the possible effect of LG25 on inducing cell apoptosis. To do so, we stained cells with Annexin-V and PI following exposure to LG25. Our results presented in [Figure 3A](#F0003){ref-type="fig"}--[C](#F0003){ref-type="fig"} show that a significant increase in the proportion of early and late apoptotic cells after LG25 treatment. The inhibitory effect of LG25 was robust at 5 µM concentration, in both TNBC lines (50--53% apoptosis) compared to vehicle-treated control cells. However, LG25 at low doses (1.25 and 2.5 µM) only induced slightly apoptosis in both TNBC cell lines when compared to those of the vehicle control ([Figure 3A](#F0003){ref-type="fig"}--[C](#F0003){ref-type="fig"}). In comparison, PTX showed an apoptotic index of 10--15% when compared to that of LG25 at the same concentration. We then stained the cells with Hoechst 33258 and confirmed the above findings ([[Figure S2](https://www.dovepress.com/get_supplementary_file.php?f=216542.docx)]{.ul}). To supplement these results with additional measures of apoptosis induction, we measured apoptosis-related proteins by Western blotting. As expected, LG25 increased the levels of BAX and decreased the levels of Bcl-2 ([Figure 3D](#F0003){ref-type="fig"}--[F](#F0003){ref-type="fig"}). Taken together, our findings indicate that LG25 and PTX exert inhibitory activities against TNBC through cell cycle arrest and induction of apoptosis, although, the contribution of each mechanism may be slightly different.Figure 3L25 induces apoptosis in TNBC cells. (**A**) Induction of early and late apoptosis in TNBC cells was determined by staining cells with Annexin V/PI following treatment with LG25. (**B, C**) Quantification of data shown in panel A. Data presented as means ± SEM from three experiments. (**D**) MDA-MB-231 cells were treated with LG25 at 1.25, 2.5 or 5 µM, or DMSO vehicle control for 24 hrs. Protein levels of Bcl-2 and Bax were determined by Western blotting. GAPDH was used as loading control. (**E, F**) Densitometric quantification of Western blot data presented in panel D. Data presented as mean ± SEM from three experiments. \**P* \< 0.05; \*\*\**P* \< 0.001 compared to vehicle control group; ^\#^*P* \< 0.05; ^\#\#\#^*P* \< 0.001 compared to LG25-5 µM treated group.

LG25 Supresses Akt/mTOR Phosphorylation And Inactivates NF-κB Signaling Pathway In MDA-MB-231 Cells {#S0003-S2004}
---------------------------------------------------------------------------------------------------

To dissect the molecular mechanisms underlying inhibitory activities of LG25 in TNBC, we exposed to the cells to varying concentrations of LG25 and assessed the pro-survival Akt signalling pathway. Our data shows that LG25 reduces the phosphorylation of Akt, mTOR and ribosomal protein S6 (S6RP) in a dose-dependent manner ([Figure 4A](#F0004){ref-type="fig"}--[D](#F0004){ref-type="fig"}). Since S6RP is a downstream target of the PI3K/Akt/mTOR signaling cascade, phosphorylation of this axis is indicative of active signaling. Studies have also shown that nuclear factor-κB (NF-κB) activity in tumor cells is controlled by Akt and that the ability of mTOR to activate NF-κB in tumor cells is dependent, at least partly, on Akt.[@CIT0019] Hence, we assessed the status of NF-κB activation in TNBC following treatment with LG25. As shown in [Figure 4E](#F0004){ref-type="fig"}--[H](#F0004){ref-type="fig"}, LG25 significantly reduced the levels of nuclear NF-κB. LG25 also inhibited the degradation of the inhibitor of κB (IκB), which is required for NF-κB p65 subunit translocation. These results suggest that LG25 supresses Akt/mTOR and NF-κB signalling axis to reduce TNBC growth.Figure 4LG25 inhibited the activation of Akt/mTOR and NF-κB signalling pathways. (**A**) MDA-MB-231 cells were treated with LG25 for 2 hrs. Protein levels of p-mTOR, p-Akt, Akt, and p-S6RP were evaluated by Western blotting. GAPDH was used as the loading control. (**B--D**) Densitometric quantification of p-mTOR, p-Akt, and pS6RP levels. Data presented as mean ± SEM from three independent experiments. \**P* \< 0.05; \*\**P* \< 0.01 compared to vehicle control group. (**E**) MDA-MB-231 cells were treated with LG25 for 6 hrs. The protein levels of NF-κB and IκB-α in nuclear and cytosolic fractions were evaluated by Western blotting. Lamin B1 was used as loading control for nuclear proteins and GAPDH for cytosolic proteins. (**G--H**) Densitometric quantification of cytosolic IκB and nuclear NF-κB for (**E**) and (**F**). Data presented as means ± SEM from three experiments. \**P* \< 0.05; \*\**P* \< 0.01; \*\*\**P* \< 0.001 compared to vehicle control.

LG25 Reduces TNBC Tumor Growth In Vivo Through Suppressing Akt/mTOR Pathway And Inducing Apoptotic Cell Death {#S0003-S2005}
-------------------------------------------------------------------------------------------------------------

To confirm the results obtained in our culture studies, we implanted MDA-MB-231 in mice and treated the mice with LG25. Our results show significantly reduced tumor volumes in mice treated with LG25 compared to vehicle-treated control mice ([Figure 5A](#F0005){ref-type="fig"}--[C](#F0005){ref-type="fig"}). We also detected activation of the Akt/mTOR pathway in tumor specimens through Western blotting ([Figure 5D](#F0005){ref-type="fig"}--[F](#F0005){ref-type="fig"}). Levels of Bcl-2, p-mTOR and p-Akt were all markedly reduced by LG25 treatment ([Figure 5D](#F0005){ref-type="fig"}--[G](#F0005){ref-type="fig"}). Furthermore, the number of Ki-67 positive cells, indicative of cell proliferation, was greatly reduced after LG25 treatment ([Figure 5H](#F0005){ref-type="fig"}). Finally, our in vivo data shows that LG25 does not induce any pathological events in vivo as histological assessment of vital organs including the hearts, kidneys and livers of LG25-treated mice were indistinguishable from vehicle-treated control mice ([[Figure S3A](https://www.dovepress.com/get_supplementary_file.php?f=216542.docx)]{.ul}). The body weights of LG-treated mice were also similar to control mice ([[Figure S3B](https://www.dovepress.com/get_supplementary_file.php?f=216542.docx)]{.ul}). In summary, these findings demonstrate that LG25 is effective in reducing TNBC tumor growth in vivo and is well tolerated by the animals used in this study.Figure 5LG25 inhibited MDA-MB-231 tumor growth in mice by suppressing Akt/mTOR signalling. MDA-MB-231 cells were injected subcutaneously into the right flank of the BALB/c nude female mice. Mice were then treated with LG25 for 12 days. (**A**) Tumour volumes measured at indicated time points in the experimental groups (n=5). (**B**) Image showing harvested tumor specimens at the conclusion of the study (day 24). (**C**) Tumor volumes at the conclusion of the study. Data were presented as mean ± SEM (n=5). (**D**) Western blotting analysis of Bcl-2, p-mTOR, and p-Akt protein expression in tumor tissues from mice. GAPDH was used as loading control. (**E--G**) Densitometric quantification of Bcl-2, p-Akt, and p-mTOR. Data are shown as mean ± SEM (n=5). \**P* \< 0.05; \*\**P* \< 0.01; \*\*\**P* \< 0.001 compared to vehicle control group. (**H**) Immunohistochemical staining for Ki67 in tumor tissues (shown as brown). Slides were counterstained with hematoxylin (blue). Representative photos are shown.

Discussion {#S0004}
==========

Indole, a planar heterocyclic molecule, is the parent substance of a large number of important natural compounds. Indole derivatives have been shown to exert considerable pharmacological activities against viral infections,[@CIT0020] inflammatory conditions,[@CIT0017] hyperlipidemia,[@CIT0021] and tumor growth.[@CIT0022],[@CIT0023] Previous findings have reported that indole analogues inhibit cancer development and also attenuate various side effects associated with anticancer drugs. For example, Ashok and colleagues reported that novel indole-fused benzo-oxazepines inhibits invasion of hepatocellular carcinoma by targeting interleukin-6 mediated JAK2/STAT3 oncogenic signals.[@CIT0024] Naga et al revealed that indole-3-carbinol protects against cisplatin-induced acute nephrotoxicity, while enhancing the cytotoxicity of cisplatin.[@CIT0025] These studies indicate the potential application of indole analogues in chemotherapy. Herein, we investigated the potential antitumor activity of a novel indole compound, LG25, in two TNBC cell lines. Our data shows that LG25 treatment markedly suppressed the proliferation and migration in both MDA-MB-231 and BT-549 cells ([Figure 1](#F0001){ref-type="fig"}). These outcomes may have results from a G2/M arrest and induction of apoptosis ([Figures 2](#F0002){ref-type="fig"} and [3](#F0003){ref-type="fig"}). Treatment of mice harboring TNBC with LG25 showed that this indole derivate is effective in reducing tumor growth, potentially by suppressing Akt/mTOR pathway.

Investigation of potential mechanisms underlying the suppression of TNBC growth by LG25 highlighted the involvement of the Akt/mTOR pathway. The PI3K/Akt/mTOR pathway is an important pathway in regulating cellular quiescence, proliferation, and longevity.[@CIT0026] Genomic instability in the PI3K/Akt/mTOR pathway is common in breast cancer across various subtypes.[@CIT0027] This signaling pathway is activated by stimulation of receptor tyrosine kinases, which in turn trigger PI3K activation, followed by phosphorylation of Akt and mTOR complex 1 (mTORC1).[@CIT0026] In TNBC, oncogenic PI3K/Akt/mTOR pathway can be activated through the overexpression of upstream regulators. These regulators include epidermal growth factor receptor, activating mutations of *PI3K* catalytic subunit α, loss of function or expression of phosphatase and tensin homolog, and the proline-rich inositol polyphosphatase, which are downregulators of PI3K.[@CIT0026],[@CIT0028]--[@CIT0030] In addition, several oncogenic pathways (e.g. FGFR, cMET, RAF) activated by P53 inactivation converge to activate the PI3K pathway.[@CIT0031] Increased activity of Akt may increase the expression of anti-apoptotic proteins Bcl-2 and MDM2 to evade apoptosis.[@CIT0013] Elena et al showed that indole-3-carbinol reduces Akt activity, causing specific alteration to epidermal growth factor receptor and hormone-signaling pathways, which targets androgen-activated gene promoter- and growth factor-responsive genes in human breast cancer cells.[@CIT0032] In our study, increased phosphorylated Akt and mTOR and increased level of anti-apoptotic Bcl-2 were found in both MDA-MB-231 cells and tumor xenografts ([Figures 4A](#F0004){ref-type="fig"} and [5D](#F0005){ref-type="fig"}). However, we found that LG25 treatment decreased p-AKT, p-mTOR and Bcl-2 levels in vitro and in vivo ([Figures 4A](#F0004){ref-type="fig"} and [5D](#F0005){ref-type="fig"}), suggested that Akt/mTOR and Bcl-2 pathways may be involved in reducing cell survival and inducing apoptosis. Further studies are certainly warranted to understand how LG25 regulates this Akt/mTOR pathway at molecular level.

A critical protein downstream of Akt is NF-κB, which is known to play a major role in the development of cancers.[@CIT0033] As a transcription factor, NF-κB also represents an important molecular link between inflammation to cancer, regulating several genes responsible for inhibiting apoptosis and enhancing the progression of the cell cycle, leading to angiogenesis and metastasis.[@CIT0034] A crosstalk between the mTOR and NF-κB pathways has been reported. Han et al showed that mTOR downstream from Akt controls NF-κB activity in PTEN-null/inactive prostate cancer cells by interaction with and stimulation of IKK (also known as IκBk, inhibitor of NF-κB kinase).[@CIT0019] Indeed, mTOR regulates Akt via a feedback mechanism, increasing NF-κB activation, as well as mediating induction of IKK and leading to the activation of NF-κB.[@CIT0019] Consistent with these reports, our study shows that LG25 blocks the Akt/NF-κB signaling network to regulate cell cycle progression, cell survival, and induction of apoptosis in TNBC ([Figure 4E](#F0004){ref-type="fig"} and [F](#F0004){ref-type="fig"}). Our preliminary results show that LG25 may have clinical utility against TNBC.

In summary, our study demonstrated that indole-2-carboxamide derivative LG25 inhibited the growth of TNBC cells in pre-clinical models. LG25 caused cytotoxicity in TNBC cells as evident by G2/M cell cycle deregulation and induction of apoptosis. Furthermore, our molecular findings support the hypothesis that LG25 have multifunctional targets which may include Akt/mTOR and NF-κB signaling pathways. The limitation of this study is that we did not measure the effect of LG25 either with combinational therapies or on drug resistance. Eradicating TNBC cells/tumors resistant to neoadjuvant chemotherapy is a critical unmet clinical need. Therefore, future research should be noted to test the effects of LG25 on drug-resistant TNBC cells in vitro or patient-derived xenograft models, which might be effective models to see the reversal effect of LG25 against TNBC cells resistant to other apoptosis-inducing chemotherapy. In conclusion, our data reveal that LG25 is potentially an attractive therapeutic candidate for the treatment of TNBC.
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